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Abstract

We analyzed B cells infiltrating the Visceral Adipose Tissue (VVAT) of young and old mice to
identify contributors to the phenotypic and functional changes observed in aged B cells. We found
higher percentages of pro-inflammatory (age-associated B cells, ABC) and less Follicular (FO) B
cells in VAT as compared to spleen. VAT B cells express higher pro-adipogenic and inflammatory
markers, including NF-kB, as compared to splenic B cells, and also secrete 1gG2c antibodies,
some of which have been shown to be autoimmune in other studies. Moreover, we found that in
the presence of an adipocyte-conditioned medium FO B cells differentiated into ABC. Additional
results showed production of pro-inflammatory chemokines by the adipocytes, suggesting a
mechanism for B cell attraction by the VAT. These results are the first to show a direct effect of
adipocytes on the generation of pro-inflammatory B cells.
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1. Introduction

The ability to switch the heavy chain class (isotype) of immunoglobulin (Ig) is critical for
proper effector functions of the Ig protein. Our laboratory has previously shown molecular
and cellular mechanisms responsible for the decrease in Ig class switch recombination
(CSR) in aged mice, including a decrease in the enzyme activation-induced cytidine
deaminase (AID) and the transcription factor E47, which lowers 1gG responses /in vitro and
in vivo in both aged BALB/c and C57BL/6 mice (Frasca et al., 2007a; Frasca et al., 2003;
Frasca et al., 2007b; Frasca et al., 2010; Frasca et al., 2005; Frasca et al., 2004). We have
also demonstrated (Frasca et al., 2012) that aging is characterized by higher serum TNF-a
which increases TNF-a production by B cells and this significantly decreases their capacity
to make protective antibodies in response to antigenic/mitogenic stimulation. Our hypothesis
is that TNF-a is involved in the negative regulation of E47, as stimulation of B cells with
TNF-a induces Tristetraprolin (Frasca et al., 2012).
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More recently, our objectives were to discover underlying contributions to the inflammation
causing decreased B lymphocyte response with age. In this report we present evidence that
the adipose tissue is a major contributor to inflammation in aged mice. Low-grade
inflammation in the adipose tissue increases with age and contributes to Insulin Resistance
(IR) which also increases with age. Therefore, we hypothesized that the age-related increase
in B cell inflammation may be associated with increased inflammation in the adipose tissue.
The adipose tissue is a major immunologically active organ that contributes to serum
inflammation (Grant and Dixit, 2015), and increases in size with aging in both mice (Wu et
al., 2007) and humans (Tchkonia et al., 2010; van Harmelen et al., 2003). Adipose tissue
inflammation is characterized by infiltration and activation of immune cells which secrete
cytokines and chemokines, thus contributing to ongoing chronic inflammation that promotes
degradation of metabolic pathways in obesity (Nikolajczyk, 2010; Nikolajczyk et al., 2011).
Most of the studies conducted so far support a crucial role for an increase in pro-
inflammatory T cells and macrophages promoting local inflammation in the visceral adipose
tissue (VAT) leading to IR and a decrease in production of anti-inflammatory cytokines,
which normally maintains insulin sensitivity (1S). Studies elucidating B cell function in
obesity are limited. B cells have recently emerged as crucial players regulating inflammation
in murine VAT and IR, to which they contribute by presenting antigens to T cells, secreting
pro-inflammatory cytokines and producing pathogenic antibodies (Winer et al., 2011). B
cells infiltrate the expanding adipose tissue in response to hyper-nutrition (Duffaut et al.,
2009) but the mechanism for this was not established. B cells can be activated by products of
altered lipolysis in the expanding adipose tissue to release pro-inflammatory cytokines and
chemokines, thus contributing to local and systemic inflammation and to the recruitment of
immune cells to the VAT (Nikolajczyk, 2010; Nikolajczyk et al., 2011). Moreover, B cells
support T cell inflammation (DeFuria et al., 2013).

We have recently shown in humans (Frasca et al., 2016) that obesity is associated with
attenuated /n7 vivo and in vitro antibody responses in both young and elderly individuals and
that the peripheral B cell pool of individuals with obesity is characterized by decreased
percentages of anti-inflammatory B cell subsets (transitional B cells) and increased
percentages of proinflammatory late/exhausted memory B cells. Moreover, total B cells
from both young and elderly individuals with obesity, as compared to lean individuals, have
impaired B cell function, and they secrete more pro-inflammatory (IL-6) and less anti-
inflammatory (IL-10) cytokines in culture supernatants.

In this paper we have identified molecular mechanisms through which the adipose tissue
leads to impaired B cell function in aging mice: increased size of the epididymal VAT,
production of pro-inflammatory mediators by the adipocytes, increased inflammatory B cell
recruitment into the VAT, and systemic inflammation. We propose that the age-related
decline in B cell function, due to increased low level inflammation with refractory response
to further antigenic stimulation, is at least in part due to the influence of the powerful feed-
forward loop of inflammation by adipocytes on B lymphocytes. Our results identify a novel
function for the adipocytes in the down-regulation of B cell function.
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2. Materials and methods

2.1. Mice

Male young (3—4 months) and old (18-24 months) C57BL/6 mice were purchased from the
National Institutes of Aging and maintained in our AAALAC-certified facility. Mice were
acclimated for at least 7 days before sacrifice. Mice with evidence of disease were not used
in these studies. In the experiments herein we used 8 pairs of young and old mice. All
studies adhered to the principles of laboratory animal care guidelines and were IACUC
approved.

2.2. Isolation of epididymal VAT

Epididymal VAT from young and old mice was collected, weighted, washed with 1x Hanks'
Balanced salt Solution (HBSS), resuspended in Dulbecco's modified Eagle Medium
(DMEM), minced into small pieces, passed through a 70 um filter and digested with
collagenase type | (SIGMA C-9263) for 1 h at 37 °C in a water bath. Digested cells were
passed through a 300 um filter, centrifuged at 300g in order to separate the floating
adipocytes from the stromal vascular fraction (SVF) containing the immune cells. The cells
floating on the top were transferred to a new tube as adipocytes. The cell pellet (SVF) on the
bottom was resuspended in ACK for 3 min at RT (room temperature) to lyse the Red Blood
Cells. Both adipocytes and SVF were washed 3 times with DMEM. B cells were isolated
from the SVF as indicated immediately below. Adipocytes were sonicated for cell disruption
in the presence of TRIzol, and then centrifuged at 1000 x gat 4 °C for 20 min to separate
the soluble fraction from the lipid and cell debris. The soluble fraction was then used for
RNA isolation.

2.3. B cell enrichment

B cells were isolated from the spleens or from the SVF of young and old mice after a 20 min
incubation at 4°C with anti-CD19 Microbeads (Miltenyi Biotec), according to the MiniMacs
protocol (20 pl Microbeads + 80 ul PBS, for 107 cells). Cells were then purified using
magnetic columns. At the end of the purification procedure, cells were 90-95% CD19-
positive by cytofluorimetric analysis. After the isolation procedure was ended, cells were
maintained in PBS for 3 h at 4°C to minimize potential effects of anti-CD19 antibodies on B
cell activation, then resuspended in TRIzol (Ambion-LifeTechnologies) for RNA extraction
or in M-PER (Mammalian Protein Extraction Reagent, Thermo Scientific) for protein
extraction.

2.4. B cell culture

Splenic B cells were cultured in complete medium (RPMI 1640, supplemented with 10%
FCS, 10 ug/ml gentamicin, 2 x 107> M 2-ME, and 2 mM L-glutamine). FCS was certified to
be endotoxin-free. B cells (108/ml) were stimulated in 24-well culture plates with 1 ug/ml of
LPS (from E. coli, SIGMA L2880) for 7 days. VAT B cells were stimulated with the Toll-
like Receptor 9 agonist CpG (ODN2006) (5 pug/10° cells). At the end of the stimulation time,
B cells were counted in trypan blue to evaluate viability which was found comparable in
cultures of young and old B cells.
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2.5. Cell staining

Markers to identify splenic and VAT B2 cell subsets are: Follicular (FO, CD19+AA4.1/
CD43-CD23+CD21i"), Marginal Zone (MZ, CD19+AA4.1/CD43-CD23'ow/negcp21hiy,
Age-associated B cells (ABC, CD19+AA4.1/CD43-CD23-CD21-). Markers to identify
splenic and VAT macrophages (M®) and T cells were F4/80 and CD3, respectively.

B2 cells were membrane stained for 20 min at RT with the following antibodies: APC-Cy7-
conjugated anti-CD19 (BD 557655), PE-Cy7-conjugated anti-AA4.1 (eBioscience
25-5892-81), APC-conjugated anti-CD43 (BD 560663), FITC-conjugated anti-CD21/CD35
(BD 553818) and PE-conjugated anti-CD23 (BD 553139). Cells were then fixed with BD
Cytofix (BD 554655).

For intracellular (ic) staining of 1gG2c, after membrane staining with anti-CD19, AA4.1,
CD43, CD21, CD23, cells were fixed, permeabilized with BD Cytofix and incubated with
anti-lgG2c (Bethyl A90-136B). Up to 10° events in the lymphocyte gate were acquired on
an LSR-Fortessa (BD) and analyzed using FlowJo 10.0.6 software.

2.6. Cell sorting

FO and ABC B cell subsets were sorted at the Sony SH800 cell sorter. After sorting, mRNA
was extracted from B cell subsets using the UIMACS mRNA isolation kit (Miltenyi),
according to the manufacturer's protocol. The mRNA preparations were stored at —80 °C
until use. Reverse Transcriptase reactions were performed in a Mastercycler Eppendorf
machine to obtain cDNA.

2.7. Preparation of B cell cytoplasmic and nuclear protein extracts

Before protein extraction, B cells were counted using trypan blue and protein extracts were
prepared from the same numbers of cells. Briefly, cells were centrifuged in a 5415C
Eppendorf microfuge (2000 rpm, 5 min). The pellet was resuspended in 20 pl of solution A
containing Hepes 10 mM, pH 7.9, KCI 10 mM, EDTA 1.0 mM, DTT 1 mM, MgCl, 1.5 mM,
PMSF 1 mM, 1 tablet of protease inhibitor cocktail (Boeringer Manheim, Germany) (per 20
ml), 1 mM NagVO, and Nonidet P-40 (0.1%), briefly vortexed and centrifuged (8000 rpm, 5
min, 4°C). The supernatant containing the cytoplasmic extract was removed and stored at
-80 °C.

To obtain nuclear protein extracts, the pellet containing the nuclei was resuspended in
solution B containing Hepes 20 mM, pH 7.9, EDTA 0.1 mM, DTT 1 mM, MgCl, 1.5 mM,
PMSF 2 mM, 1 tablet of protease inhibitor cocktail (per 20 ml), and glycerol 10%. The
lysate was incubated on ice for 20 min, protein sonicated for a few seconds and centrifuged
(14,000 rpm, 15 min, 4°C). Aliquots of the nuclear extract were stored at —80°C. Protein
contents were determined by Bradford assay. The amount of protein extracted from the same
number of B cells is highly reproducible (90%) from one experiment to another in both
young and old mice.
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2.8. Western blotting (WB)

For the evaluation of specific proteins, protein extracts at equal protein concentration were
denatured and then electro-transferred onto nitrocellulose filters. Filters were incubated with
the following primary antibodies in PBS-Tween 20 containing 5% milk: rabbit anti-mouse
phospho HSL (Ser563) (1:1000 diluted, Cell Signaling 4139), mouse monoclonal anti-
mouse SOD1 (1:1000 diluted, Cell Signaling 4266), goat polyclonal anti-mouse NF-kB
(p50) (1:200 diluted, Santa Cruz sc-1190), mouse monoclonal anti-mouse GAPDH (1:5000
diluted, GeneTex GT239). After overnight incubation with the primary antibodies,
immunoblots were incubated with the following secondary antibodies for 3 h at RT: goat
polyclonal anti-rabbit 1gG (1:50,000 diluted, Jackson ImmunoResearch Labs 111-035-003),
donkey polyclonal anti-goat 1gG (1:50,000 diluted, Jackson ImmunoResearch Labs
705-035-003), goat polyclonal anti-mouse 1gG (1:50,000 diluted, Jackson ImmunoResearch
Labs 115-035-003). Membranes were developed by enzyme chemiluminescence and
exposed to CL-XPosure Film (Pierce). Films were scanned and analyzed using the
Alphalmager Enhanced Resolution Gel Documentation & Analysis System (Alpha Innotech,
San Leandro CA) and images were quantitated using the AlphaEaseFC 32-bit software.

2.9. RNA extraction and cDNA preparation

Total RNA was extracted from unstimulated B cells, as well as from adipocytes, and
resuspended in TRIzol. The mRNA was extracted from stimulated B cells using the uMACS
mMRNA isolation kit (Miltenyi), as indicated above.

2.10. Quantitative PCR (qPCR)

Reactions were conducted in MicroAmp 96-well plates, and run in the ABI 7300 machine.
Calculations were made with ABI software. Briefly, we determined the cycle number at
which transcripts reached a significant threshold (Ct). A value for the amount of the target
gene, relative to GAPDH, was calculated and expressed as ACt. Primers for PCR
amplification were the following (all from Life Technologies): Mm00507774 (AID),
Mm00443260 (TNF-a), Mm00446190 (IL-6), Mm00445235 (CXCL10), Mm00441242
(CCL2), Mm01302427 (CCL5), Mm9999054 (CXCR3), Mm99999051 (CCR2),
Mm00515543 (CCR3), Prdm1 (Mm00476128), Thx21 (Mm00450960), Kifc3
(Mm00516085), Stx3 (Mm01197689), IL-21 (Mm00517640), IFN-y (Mm01168134),
Mm99999915 (GAPDH).

2.11. Enzyme-linked immunosorbent assay (ELISA)

To measure IgG subclasses (IgG1/G2a/G2b/G2¢/G3) in lysates of VAT lymphocytes, goat
anti-mouse Southern Biotech purified anti-subclass antibodies were used for coating, at the
concentration of 2 pg/ml. Detection antibody was a biotinylated goat anti-mouse 1gG
antibody (Jackson ImmunoResearch Labs 115-065-071), followed by streptavidin-HRP.
Substrate was TMB substrate reagent set (BD OptEIA 555214).

2.12. Co-culture of adipocytes and splenocytes

The ratio between adipocytes and splenic lymphocytes in co-cultures was equal to that
which we measured in ex vivoisolated VAT (ratio adipocytes:lymphocytes). In the
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transwells, cells were co-cultured by using inserts with a 0.4um porous membrane (Corning)
to separate adipocytes and splenic lymphocytes. Cells were left unstimulated. After 72 h,
cells in the upper wells (splenic lymphocytes) were harvested, washed and stained to
evaluate percentages and numbers of B2 B cell subsets.

2.13. Preparation of adipocyte-conditioned medium (ACM)

Freshly harvested epididymal fat pads from individual mice were cultured in complete
RPMI for 24 h at the concentration of 1 g/100 pl to obtain ACM as previously described
(Kratz et al., 2014). FO B cells were sorted as in 2.6 and were stimulated with adipocyte-
conditioned medium for 48 h.

2.14. Statistical analyses

To examine differences between groups, Student's £tests (two-tailed) were used. To examine
the relationships between variables, bivariate Pearson's correlation analyses were performed,
using GraphPad Prism 5 software.

3. Results

3.1. Expression of AID in stimulated splenic B cells is negatively correlated with

epididymal fat size
The characteristics of the mice used in our study are shown in Table 1. Briefly, both mouse
weight and the size of epididymal VAT increase with age and the increase in the size of
epididymal VAT is positively correlated with the increase in mouse weight (r =0.72, p =
0.0016). Also the number of nucleated immune cells increase with age in the SVF in the
VAT (r = 0.81, p = 0.0001), as well as percentages of F4/80+ M® (r = 0.74, p = 0.0057),
CD19+ (r = 0.69, p = 0.0063), CD3+ (r = 0.72, p = 0.0037), similar to what has already been
shown (Amano et al., 2014; Winer et al., 2011).

We have previously shown that AID in LPS-stimulated B cells is a marker of optimal B cell
function and is significantly decreased in B cells from aged as compared to young mice
(Frasca et al., 2012). Here we show that AID is negatively associated with the size of
epididymal VAT (Fig. 1). This novel observation suggests a role of the adipose tissue in the
down-regulation of B cell function in aged mice.

3.2. Age- and tissue-associated changes in the relative percentages of B2 B cell subsets in
the spleen and the epididymal VAT

We measured the percentages of FO, ABC and MZ B2 B cell subsets in the spleens and
epididymal VAT of young and old mice, as shown in Fig. 2A. Results show reduced
percentages of the antiinflammatory FO subset in the spleen of old mice as compared to
young mice and concomitant increased percentages of the proinflammatory ABC subset
(Fig. 2B) as previously shown (Hao et al., 2011; Rubtsov et al., 2011) and (Frasca et al.,
2012; Ratliff et al., 2013). No effects on MZ were observed. Percentages of FO were
reduced (and percentages of ABC were increased) even more in VAT versus spleen (Fig.
2C). Numbers of cells showed similar differences (Fig. 2D, E).
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B cells isolated from the VAT and spleen were compared for markers of lipolysis in
cytoplasmic extracts, i.e. for phospho-HSL (Hormone-Sensitive Lipase), a key enzyme in
the regulation of lipid stores which catalyzes the hydrolysis of triacylglycerol generating free
fatty acids (FFAs) (Anthonsen et al., 1998; Degerman et al., 1990). This enzyme is crucial
because the activation of the inflammatory process during obesity has been shown to be
caused by the release of FFAs (Johnson et al., 2012). We also measured the anti-oxidant
enzyme SOD-1 (superoxide dismutase-1) (McCord and Fridovich, 1988), which is anti-
inflammatory and decreases reactive oxygen species and oxidative stress. These experiments
were performed only on individual old mice, as young mice do not have a sufficient amount
of VAT to allow the isolation of enough B cells to perform WB experiments. Results in Fig.
3 show that phospho-HSL is present in cytoplasmic extracts of VAT-isolated but not of
spleen-isolated B cells, whereas SOD-1 is expressed in cytoplasmic extracts of splenic B
cells only. We also evaluated NF-kB (p50) expression in nuclear extracts of the same VAT
versus splenic B cells and found higher levels of expression in VAT-isolated B cells, as
expected due to the higher inflammatory profile of the VAT versus the spleen.

3.3. Induction of pro-inflammatory B cell subsets by co-cultures of splenic B cells with

adipocytes

To evaluate the ability of adipocytes to promote inflammation and induce ABCs, we co-
cultured in transwells adipocytes from epididymal fat pads of young and old mice with
splenic B cells from the young mice. Results show that co-culture for 72 h of young splenic
B cells with adipocytes from the same young mice, in the absence of any additional
mitogenic stimulus, significantly changed the relative percentages of the B cell subsets,
leading to an increase in the percentages of ABC, which was similar to what we have
observed in the VAT, or even higher when splenic B cells were co-cultured with adipocytes
from old mice (Fig. 4A). These results are the first to our knowledge to show a direct effect
of the adipose tissue on the induction of pro-inflammatory B cell subsets. However, we did
not know if in these experiments there was expansion of the ABC population, increased
survival of ABC versusFO B cells, death of FO B cells, loss of cell markers, or a
combination of these. To address this point we performed a new series of experiments in
which we sorted splenic FO and ABC from the spleens of old mice and we measured by
gPCR the expression of several markers described to be differentially expressed in these 2
subsets by a transcriptome analysis performed previously by the Marrack group (Rubtsov et
al., 2011). We selected 4 markers among those most differentially expressed in FO versus
ABC: Prdm1 (Blimp-1), Tbx21 (T-bet), Kifc3, Stx3. All these markers were found
expressed at higher levels in ABC versus FO, as expected (Fig. 4B). Then, we cultured
sorted splenic FO B cells from old mice in the presence of ACM and we measured if in these
conditions FO B cells would up-regulate the expression of one of the markers in culture.
Results (Fig. 4C) show that ACM induced significant increased expression of Prdm1 as
compared to complete medium, suggesting that the differentiation of FO B cells into ABC
may have occurred in these conditions. Experiments in progress in our laboratory are
measuring the up-regulation of the other markers in these conditions.

In order to evaluate if the ACM contains factors which may be responsible for FO
differentiation into ABC, as suggested by a paper recently published by Cancro's group
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(Naradikian et al., 2016b), we measured by qPCR production of IL-21 and IFN-vy by the
adipocytes. Results in Fig. 4D show that adipocytes express mRNA for both cytokines.
These results are consistent with the possibility that adipocytes may help to induce ABC in
part be secreting IL-21 and IFN-y. Lymphocytes in the SVF were negative for these
cytokines (data not shown). In addition, we also show that adipocytes express mRNA for
TNF-a and I1L-6 which may contribute to a positive feedback loop in the induction of ABC
in the VAT.

3.4. The adipocytes secrete chemokines which may recruit B cells to the VAT

We hypothesize that the adipocytes promote migration of B cells to the VAT through
secretion of pro-inflammatory cytokines and chemokines and may regulate B cell phenotype
and function in the VAT. Results in Fig. 5A show that the adipocytes from the VAT of both
young and old mice express RNA for the chemokines CXCL10/CCL2/CCLS5, with higher
levels found in old mice for CCL2. The corresponding receptors are expressed by VAT B
cells, with higher levels of expression found for CCR3, the receptor for CCL2 (Fig. 5B).

3.5.1gG2c is the major IgG subclass in the VAT

The ongoing apoptosis of cells in the VAT, due to increase in fat mass and consequent
hypoxia, induces the release of “self” antigens and consequent production of class switched
IgG “autoimmune” antibodies. Data previously published by Winer et al. have shown
antibody staining in VAT localized inside crown-like structures (Winer et al., 2011), which
represent aggregated mono- and multinucleate giant M® surrounding the adipocytes, which
are typically associated with chronic inflammation (Murano et al., 2008). We therefore
measured the different subclasses of 1gG antibodies secreted by VAT lymphocytes and found
a significant production of 1gG2c antibodies, which was higher than that of other 1gG
subclasses (p < 0.05 versus 1gG1, 1gG2a, 1gG2b, 1gG3) (Fig. 6A). Because we found high
percentages of ABC in the VAT, and because these cells have been shown at least in the
spleen to produce IgG2c antibodies (Hao et al., 2011; Rubtsov et al., 2011), which are
pathogenic (Winer et al., 2011) and autoimmune [reviewed in (Naradikian et al., 2016a)]
antibodies, we measured the secretion of 1gG2c antibodies by ic staining of ABC in the VAT
(Fig. 6B) and in the spleen as control (Fig. 6C). We detectic 1gG2c in splenic ABC after
stimulation with CpG, and in VAT ABC even in the absence of stimulation. In these
experiments we also tested iclgG2c production by splenic FO: MFI unstimulated was 115,
MFI CpG-stimulated was 123 (data not shown). These data show that ABC in the VAT are
already highly pre-activated and are refractory to further stimulation. When we correlated
IgG2c antibodies (ratios of OD in 1gG2¢/OD in total 1gG) in VAT lysates with the
percentages of ABC in the VAT and in the spleen, we found significant positive associations
in both cases (Fig. 6D and E), whereas no associations were found with the percentages of
FO in the VAT and in the spleen (Fig. 6F and G). These results strongly suggest that ABC
are the main producers of 1gG2c antibodies in both tissues. These results also show for the
first time higher 19G2c production by ABC in the VAT, as compared to splenic ABC.
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4. Discussion

Results in the present study show that the age-related decrease in B cell function is
negatively associated with an increase in the VAT and that the adipose tissue directly impairs
the function of B cells by changing the composition of the B cell pool and inducing pro-
inflammatory B cell subsets. We also show reduced percentages and numbers of the anti-
inflammatory FO subset in the spleen of old versus young mice and concomitant increased
percentages of the pro-inflammatory ABC. Percentages and numbers of FO were reduced
(and those of ABC were increased) even more in VAT versus spleen, suggesting higher local
inflammation in the VAT as compared to the spleen. The VAT of old mice shows indeed a
switch into a pro-inflammatory, tissue-remodeling, senescent-like state, as shown by higher
mRNA expression of pro-inflammatory cytokine and chemokine mediators.

Studies in obese young mice have already shown that obesity induces B cell inflammation,
production of pro-inflammatory cytokines and promote pro-inflammatory T cells and M®
(DeFuria et al., 2013). Moreover, B cells produce pathogenic 1gG antibodies as a
consequence of increased fat mass, hypoxia and apoptosis in the VAT, leading to the release
of self antigens which provoke an autoimmune response with the production of class
switched 1gG pathogenic antibodies which have been detected in serum (Winer et al., 2011).
Transfer of these antibodies rapidly induces IR and glucose intolerance (Winer et al., 2011).

We show here for the first time that the VAT of old mice is also enriched in cells secreting
IgG antibodies, including 1gG2c, likely directed against self VAT antigens and we show here
that the ABC subset in the VAT is the major B cell subset in which 1gG2c antibodies are
detected, similar to what has already been shown in the spleen (Hao et al., 2011; Rubtsov et
al., 2011). Experiments to measure the specificity of these IgG2c antibodies are currently
under investigation in our laboratory.

In addition to the secretion of factors which chemoattract the immune cells, the VAT is a
source of lipotoxic danger signals that also induce inflammation. Among these, we evaluated
the expression of p-HSL by B cells in the VAT as compared to B cells in the spleen. This
enzyme catalyzes the hydrolysis of triacylglycerol generating FFAs (Anthonsen et al., 1998;
Degerman et al., 1990), which have been shown to be the initiating cause of the
inflammatory process during obesity (Johnson et al., 2012). We show here for the first time
that p-HSL is expressed by VAT-B cells, more than in splenic B cells from old mice,
suggesting that the activation of this enzyme in the VAT and consequent release of FFAs
may be responsible for the high percentages of ABCs observed in the VAT as compared to
the spleen. We also found higher levels of expression of NF-kB (p50) in nuclear extracts of
VAT-isolated B cells, which indicate translocation from the cytoplasm and activation, which
was expected due to the higher inflammatory profile of the VAT versusthe spleen.
Conversely, SOD-1 is present in splenic B cells, more than in VAT-B cells, indicating that
anti-oxidant reactions are almost absent in VAT due to hypoxia, reduced amount of oxygen
and oxygen radicals.

Our results altogether suggest that age-related increased inflammation in the VAT induces
intrinsic inflammation in the adipocytes and a positive feed-forward loop, leading to the
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accumulation of infiltrating immune cells which feed-back and secrete pro-inflammatory
cytokines and chemokines. This would contribute not only to local but also to systemic
inflammation. Infiltrating B and T cells drawn to the VVAT by the chemokines released by the
adipocytes become more inflammatory and circulating to peripheral lymphoid organs, would
generate suboptimal immune response in aged and obese mice and humans. This novel
finding sheds light on causes and mechanisms leading to reduced responses to antigens and
vaccines in individuals with obesity which are necessary to know in order to successfully
treat disease conditions associated with chronic inflammation associated with aging. Our
results have also identified the ABC as the major subset secreting 1gG2c antibodies in the
VAT and in the spleen. In a cohort of obese male individuals, it has been shown that IR is
associated with a distinct profile of IgG autoantibodies (Winer et al., 2011). Additional work
is needed to characterize the specificity of these antibodies. The characterization of
pathogenic pathways involved in B cell-mediated immune responses within the VAT will
open new avenues to modify obesity, control associated complications, and enhance B cell
function.
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Fig. 1.

AID in stimulated splenic B cells is negatively correlated with the size of epididymal VAT. B
cells were isolated by magnetic sorting from the spleens of 8 pairs of young (open symbols)
and old (filled symbols) mice. B cells (10%/ml) were stimulated with 1 pg/ml of LPS for 7
days, then mRNA was extracted and qPCR performed to evaluate mRNA expression of AID
and GAPDH (control). Epididymal fat pads were isolated from the same young and old mice
and AID values were correlated with the size of epididymal fat pads. Pearson's r and p
values are at the bottom of the figure.
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Fig. 2.

Age- and tissue-associated changes in the relative percentages of B2 B cell subsets in the
spleen and the epididymal VVAT. The spleens and VAT from 8 pairs of young and old mice,
same as in Fig. 1, were stained and a representative dot plot of splenic B cells from a young
mouse is shown in A. Percentages (B,C) and numbers (D,E) of the major B cell subsets, FO,
ABC and MZ B cell subsets, were evaluated; cells were gated on CD19+AA4.1-CD43- cells
to exclude transitional (AA4.1+) and B1 (CD43+) B cells. Mean comparisons between
groups were performed by Student's £test (two-tailed). *p<0.05, **p<0.01, ***p< 0.001,
****n< 0.0001.
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Fig. 3.
Markers of lipolysis and inflammation are expressed at higher levels in B cells from the VAT

as compared to B cells from the spleen. Cytoplasmic (CE) and nuclear (NE) protein extracts
(5 pg/lane) from B cells isolated from the spleens or VAT of 4 old mice (among those in Fig.
1) were blotted with the indicated antibodies. Percentages of ABC in these mice in spleen
and VAT were, respectively: 48,32,55,29 and 58,62,60,72. Only old mice are shown as from
young mice we did not extract enough proteins to run the experiment. Densitometric
analyses (arbitrary units) of protein expression, normalized to GAPDH, are shown and
referred to splenic B cell extracts (SPL), taken as 1. ***p < 0.001, ****p < 0.0001.
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Fig. 4.

In?juction of pro-inflammatory B cell subsets by co-culture of splenic B cells with
adipocytes. A. B cells from the spleen and VAT of young mice were isolated and stained as
in Fig. 2 to evaluate the relative percentages of FO, ABC, MZ. Adipocytes were isolated
from the VAT of young and old mice and cultured for 72 h in transwells with splenic B cells
from young mice. After this time, B cells were stained as indicated above and the
percentages of the major B cell subsets measured by flow cytometry. Mice are different from
those in previous Figs. Numbers below each graph represent percentage (means + SE) from
4 independent experiments. Percentages of ABC in the VAT of old mice were 49,57,66,58.
Splenocytes cultured for 72 h without adipocytes showed a profile similar to the left panel
(not shown). B. FO and ABC were sorted from the spleens of old mice, mRNA extracted
and gPCR performed. Results show qPCR values (2-44CY) of Prdm1, Thx21, Kifc3, Stx3
MRNA expression. Mean comparisons between groups were performed by Student's #test
(two-tailed). *p<0.05, **p< 0.01, ***p< 0.001. C. Splenic FO B cells sorted as described in
B were cultured for 48 h in the presence of complete RPMI or ACM at the concentration of
108/ml. The mRNA was harvested from the cultured cells, mMRNA extracted and gPCR
performed to evaluate MRNA expression of Prdm1. Results show qPCR values (27441 of
Prdm1 mRNA expression. Mean comparisons between groups were performed by Student's
ttest (two-tailed). D. Adipocytes were isolated from the VAT of old mice. The mRNA was
extracted and gPCR performed. Results, from 4 independent experiments (IL-21 and IFN-vy)
or from 8 independent experiments (TNF-a and 1L-6), show qPCR values (2-44Ct) of
cytokine mRNA expression.
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Fig. 5.
The adipocytes secrete chemokines which may recruit B cells to the VAT. A. Adipocytes

were isolated from the VAT, sonicated for cell disruption in the presence of TRIzol to
separate the soluble fraction (used for RNA isolation) from lipids and cell debris. Results
show gPCR values (2744CY) of CXCL10, CCL2, CCL5 RNA expression. Mean comparisons
between groups were performed by Student's #test (two-tailed). B. VAT B cells were
isolated from the SVF and resuspended in TRIzol. Results show gPCR values (2-44Ct) of
CXCR2, CCR2, CCR3 RNA expression. Results in B are from those 3 mice among the 6 in
A from which we had enough B cells. Mean comparisons between groups were performed
by Student's t-test (two-tailed). *p<0.05, **p<0.01.
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Fig. 6.
IgG2c is the major 1gG subclass in the VAT. A. IgG subclasses in protein lysates of VAT

lymphocytes were measured by Ig ELISA, after coating the plates with goat anti-mouse
Southern Biotech purified anti-subclass antibodies at the concentration of 2 ug/ml. Detection
antibody was a biotinylated goat anti-mouse IgG antibody, followed by streptavidin-HRP.
Results are ratios of OD in subclasses/OD in total IgG. OD were measured with a
spectrophotometer at 450 nm. B-C. ic staining of 1gG2c in VAT ABC (B) and in splenic
ABC (C) was performed after 48 h in culture in the absence (shadow, dotted line) or
presence (solid line) of CpG. Mean Fluorescence Intensity from 3 independent experiments
+ SE are shown in each quadrant. D-E. Correlation between 1gG2c (ratios of OD in
1gG2¢/OD in total 1gG) in VAT lysates and ABC percentages in VAT and spleen. Pearson's r
=0.85, p=0.03 and r = 0.97, p = 0.002, respectively. F-G. Correlation between 1gG2c
(ratios of OD in IgG2c/OD in total 1gG) in VAT lysates and FO percentages in VAT and
spleen. Pearson's r =0.09, p = 0.86 and r = -0.7, p = 0.13, respectively.
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Table 1

Characteristics of the mice in this study.

Young Old

Mouse weight (grams)

275+15 405+19™

Epididymal fat weight (grams) 07+01 26+03***

Number of nucleated cells in epididymal SVF(x103) 763 +277 9173 + 1122

Ak

Hok:

*
p<0.001.

Heok kA

p<0.0001.
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